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METHODS AND SYSTEMS FOR SUPPORTING ACOUSTICAL TRANSDUCERS 
TECHNICAL FIELD 

[oooi] Embodiments of the present invention relate to transducer arrays, for 

example, an array of acoustical transducers for measuring ambient noise in a 
vehicle interior. 

BACKGROUND 

[0002] Acoustical systems often require an array of transducers configured to take 

measurements and/or transmit sound at multiple locations. For example, noise 
measurement tests often require an array of microphones arranged to measure 
noise at various locations. Such systems are commonly used in various 
industries, including those involving automotive and aircraft manufacturing. 

[0003] Figure 1 is a partially schematic view of a microphone array used to 

measure noise in accordance with the prior art. A tube frame 2 supports multiple 
microphones 1, typically in a one-dimensional or two-dimensional rectilinear 
arrangement. Each microphone 1 is connected to a coaxial cable 3, which can be 
connected to an external device that records data. Often, an additional structure 4 
is required to position and support the tube frame 2 during use. 

[0004] A shortcoming of the prior art design is that the arrangement of the 

microphones and the tube frame is heavy, bulky, and difficult to configure for 
various applications. For example, the tube frame 2 must be sized to support the 
coaxial cables 3 connected to each microphone 1. Additionally, it is difficult or 
impossible to easily reconfigure the tube frame 2 and the microphones 1 into other 
arrangements to fit different or complex volumes of space or to sense sound at 
specific locations. Oftentimes, a specific tube frame 2 must be designed and built 
for each application. Also, because the tube frame 2 and the coaxial cable 3 are 
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bulky, the arrangement intrudes on the environment in which it is placed and can 
accordingly influence the measurements it takes. For example, the tube frame 2 
and the coaxial cable 3 can reflect sound waves, absorb sound waves, and/or vary 
the volume of space in which the sound measurements are being taken, thereby 
affecting the measured sound data. 

SUMMARY 

[0005] The present invention is directed generally toward transducer arrays and, 

particularly, to arrays of acoustical transducers for sensing sound. One aspect of 
the invention is directed toward an acoustical system that includes a substrate 
having a plurality of conductive paths. The substrate can be operatively 
coupleable to an output device and can carry a plurality of acoustical transducers 
positioned to form an array having at least one dimension. The acoustical 
transducers can be configured to sense sound and to transmit input signals to the 
substrate. The substrate can be configured to receive the input signals and to 
transmit at least one output signal to the output device. 

[0006] Another aspect of the invention is directed toward an acoustical system 

having a first substrate with a plurality of conductive paths, the first substrate being 
operatively coupleable to an output device. At least one first acoustical transducer 
can be carried by the first substrate. The at least one first acoustical transducer 
can be configured to sense sound and to transmit a first input signal to the first 
substrate. The first substrate can be configured to receive the first input signal 
and to transmit a first output signal to the output device. The system can further 
include at least one second substrate having a plurality of conductive paths, the 
second substrate being operatively coupleable to the output device or another 
output device. At least one second acoustical transducer can be carried by the at 
least one second substrate. The at least one second acoustical transducer can be 
configured to sense sound and to transmit a second input signal to the at least one 
second substrate. The at least one second substrate can be configured to 
transmit a second output signal to the output device or the other output device, 
and the first and second substrates can be coupled together to position the first 
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and second acoustical transducers in an array having at least one dimension. In a 
further aspect of the invention, the first and second substrates can be postionable 
relative to each other in a first configuration that conforms to a first volume of 
space and positionable relative to each other in a second configuration that 
conforms to a second volume of space different than the first volume of space. 
[0007] In yet another aspect of the invention, an acoustical method includes 

sensing sound with acoustical transducers carried by a substrate, wherein the 
acoustical transducers are positioned to form an array having at least one 
dimension. The method can further include transmitting input signals from the 
acoustical transducers to the substrate, receiving the input signals at the 
substrate, and transmitting at least one output signal from the substrate to an 
output device. 

tooo8] In still another aspect of the invention, an acoustical method includes 

positioning a first substrate carrying at least one first acoustical transducer and a 
second substrate carrying at least one second acoustical transducer such that the 
first and second acoustical transducers form an array having at least one 
dimension. The method can further include sensing sound with the at least one 
first acoustical transducer, transmitting a first input signal from the at least one first 
acoustical transducer to the first substrate, receiving the first input signal at the 
first substrate, and transmitting at least one first output signal from the first 
substrate to an output device. The method still further includes sensing sound 
with the at least one second acoustical transducer, transmitting a second input 
signal from the at least one second acoustical transducer to the second substrate, 
receiving the second input signal at the second substrate, and transmitting at least 
one second output signal from the second substrate to the output device or 
another output device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 is a partially schematic illustration of an arrangement of 

microphones supported by a tube frame in accordance with the prior art. 
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[ooio] Figure 2 is a partially schematic, partially broken illustration of a one- 

dimensional transducer array in accordance with an embodiment of the invention. 

[0011] Figure 3 illustrates a sound map produced using acoustical holographic 

techniques and a transducer array in accordance with an embodiment of the 
invention. 

[0012] Figure 4 is a partially schematic, isometric view of a two-dimensional array 

configured in accordance with an embodiment of the invention. 
[0013] Figure 5 is a partially schematic view of a two-dimensional array formed by 

a plurality of substrates in accordance with another embodiment of the invention. 
[0014] Figure 6A is a partially schematic, isometric view of an acoustical system 

configured to form a three-dimensional array in accordance with an embodiment of 

the invention. 

[0015] Figure 6B is a partially schematic, isometric view of the acoustical system of 

Figure 6A, reconfigured into a different array and further configured to be generally 
self-supporting, in accordance with another embodiment of the invention. 

[0016] Figure 7 is a partially isometric view of an acoustical system configured as a 

spherical array in accordance with an embodiment of the invention. 

[0017] Figure 8 is a partially schematic view of an acoustical system positioned in 

a vehicle interior in accordance with another embodiment of the invention. 

DETAILED DESCRIPTION 

[0018] The present disclosure describes transducer arrays and, in particular, 

arrays of acoustical transducers for measuring sound. Several specific details of 
the invention are set forth in the following description and in Figures 2-8 to provide 
a thorough understanding of certain embodiments of the invention. One skilled in 
the art, however, will understand that the present invention may have additional 
embodiments, and that other embodiments of the invention may be practiced 
without several of the specific features described below. 

[0019] Figure 2 is a partially schematic, partially broken illustration of an acoustical 

system 200 that includes a substrate 220 having a plurality of conductive paths 
225 in accordance with one embodiment of the invention. The substrate 220 can 
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carry a plurality of acoustical transducers 210 positioned to form an array having at 
least one dimension. The acoustical transducers 210 can be configured to sense 
sound and to transmit input signals to the substrate 220. The substrate 220 can 
be configured to receive the input signals and to transmit at least one output signal 
to an output device 240. 

[0020] In a particular embodiment, the substrate 220 can include a rigid or semi- 

rigid structure having conductive paths on or within the structure. For example, 
the substrate 220 can include a circuit board made from rigid or semi-rigid 
composite material(s) and having integral conductive paths, circuits, and/or 
processing components (e.g., computer processing or signal processing 
components) fabricated into the material or composite. 

[0021] The substrate 220 can include a plurality of conductive paths 225. Figure 2 

includes cut-away portions showing two first conductive paths 225a and one 
second conductive path 225b. The first conductive paths 225a are configured to 
carry the input signals from the acoustical transducers 210 and the output signals 
transmitted to the output device 240. Additionally, the first conductive paths 225a 
can carry a variety of other signals and/or electrical power for various components 
(including the acoustical transducers 210) coupled to the substrate 220. 

[0022] In other embodiments, the configuration (e.g., size and location) of the 

conductive paths 225 can affect the electrical characteristics that the conductive 
paths 225 exhibit. For example, the size and location of first conductive paths 
225a can be selected to provide the first conductive paths 225a with a selected 
impedance and/or capacitance. In a particular embodiment, the impedance, 
capacitance or other characteristic of the first conductive paths 225a can be 
selected to at least approximately match a corresponding electrical characteristic 
of a cable (e.g., a coaxial cable) or other device coupled to the substrate 220. 
This feature can be particularly useful when coupling multiple substrates 220 
together, as discussed below in greater detail, or when coupling the substrate 220 
to the output device 240. 

[0023] The second conductive path 225b can be used for other purposes, for 

example, to provide shielding for the first conductive paths 225a. In Figure 2, a 
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second conductive path 225b is shown proximate to the first conductive paths 
225a (e.g., around the periphery of the substrate 220) to at least partially surround 
or enclose the first conductive paths 225a, the acoustical transducers 210, and/or 
other components carried by the substrate 220. The second conductive path 225b 
can be coupled to ground 234 by any suitable method to shield these elements 
from electromagnetic interference, e.g., radio frequency interference. Suitable 
methods for coupling the second conductive path 225b to ground 234 can include 
cables, other substrates, and/or other devices (e.g., the output device 240). The 
second conductive path 225b can be used for purposes other than shielding in 
other embodiments and in still further embodiments, the shielding function can be 
provided by structures other than the second conductive path 225b. 

[0024] The substrate 220 can be generally rigid in one embodiment, and/or flexible 

enough to bend into various shapes. For example, the substrate 220 can be rigid 
enough to support the acoustical transducers 210 and can provide electrical 
communication to and/or from the transducers 210 via the conductive paths 225. 
In certain embodiments, as discussed in further detail below, the substrate 220 
can be generally self-supporting (e.g., capable of supporting the acoustical 
transducers 210 in a specified position without additional structure). In other 
embodiments, the substrate 220 can be coupled to a support or supported by 
other means (e.g., connected to a wall via screws or a cloth hook and loop type 
connector). The substrate 220 can be rectangular in shape (as shown in Figure 2) 
or can have various other shapes and/or arrangements of acoustical transducers 
210. Suitable substrates are available from Prototron Circuits of Redmond, 
Washington and Tucson, Arizona. 

[0025] The substrate 220 can carry a plurality of acoustical transducers 210 

positioned to form a one-dimensional array. For example, the substrate 220 
shown in Figure 2 includes four acoustical transducers 210 arranged in a one- 
dimensional linear array. Other embodiments can have more or fewer acoustical 
transducers 210. The acoustical transducers 210 can be permanently coupled to 
the substrate 220 or coupled to the substrate via connectors (e.g., pin connectors). 
In Figure 2, two acoustical transducers 210 are shown permanently coupled to the 
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substrate 220, and two acoustical transducers 210 are shown coupled to the 
substrate 220 via corresponding connectors 215. Other embodiments can have 
more or fewer connectors 215 (including no connectors). Mounting the acoustical 
transducers 210 to connectors allows the number, type, and arrangement of 
transducers carried by the substrate 220 to be quickly altered to suit particular 
applications. 

[0026] The acoustical transducers 210 can include microphones or any other type 

of transducer configured to sense sound (e.g., piezoelectric transducers). In 
certain embodiments, all of the acoustical transducers 210 are approximately 
identical in type. In other embodiments, the acoustical transducers 210 can be of 
different types. Suitable acoustical transducers 210 are available from G.R.A.S. 
Sound & Vibration of Denmark. The acoustical transducers 210 can also be 
selected to perform other functions (e.g., at least one of the first acoustical 
transducers 210 can be configured to both receive and transmit sound). Other 
embodiments can include other transducers configured to perform other functions. 
For example, Figure 2 shows another transducer 210a carried by the substrate 
220 and configured to only transmit sound. 

[0027] In some embodiments, the substrate 220 can also include devices in 

addition to the transducers 210, for example, processing devices 260 and circuit 
devices 262. The processing devices 260 (two of which are shown in Figure 2) 
can be integral with the substrate 220, connected to the substrate 220, removably 
coupled to the substrate 220, or operatively coupled to the substrate 220 by other 
methods (e.g., cable connection). The processing devices 260 can be operatively 
coupled to the acoustical transducers 210 to process the signals transmitted to 
and/or from the acoustical transducers. For example, if the acoustical transducers 
210 transmit analog signals, the processing devices 260 can be used to convert 
the analog signals to digital signals. In other embodiments, the processing 
devices 260 can perform other signal processing functions or computational 
functions. For example, while in some embodiments, pairs of first conductive 
paths 225a can be dedicated to each acoustical transducer 210, in other 
embodiments, the first conductive paths 225a can form a data bus and the 
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processing devices 260 can be used to interface the acoustical transducers 210 
with the data bus by performing various functions, including time synchronization, 
frequency modulation, amplitude modulation, and/or signal conversion (e.g., 
converting an electrical signal into a fiber optic signal). 

[0028] The circuit devices 262 can be selected to affect various electrical 

characteristics of the conductive paths 225 and/or the electrical power carried by 
the conductive paths 225. For example, the circuit devices 262 can include a 
capacitor and/or a resistor selected to at least approximately match the impedance 
of the first conductive paths 225a to that of a cable (e.g., a coaxial cable) or other 
device coupled to the substrate 220. Accordingly, power can be transferred 
efficiently between the conductive paths 225 and the cable or other device. The 
circuit device 262 can be integral to the substrate 220, connected to the substrate 
220, removably coupled to the substrate 220, or operatively coupled to the 
substrate 220 by other methods (e.g., cable connection). 

[0029] In Figure 2, the substrate 220 transmits an output signal to the output 

device 240 via a substrate connector 280 and a cable 230. Two substrate 
connectors 280 are shown in Figure 2 for the purpose of illustration. In other 
embodiments, the substrate 220 can have more or fewer substrate connectors 280 
at a plurality of different locations. The substrate connectors 280 can be 
configured to connect the substrate 220 to other elements, including other 
substrates 220 and cables 230. In certain embodiments, the substrate 220 can be 
directly connected to the output device 240 or the cable 230 without the substrate 
connector 280. In still other embodiments, the substrate 220 can be operatively 
coupled to the output device 240 via other methods or connections, including via 
other device(s) and/or other substrates. In any of these embodiments, the output 
signal provided by the substrate 220 can be different than the input signal provided 
by the acoustical transducers 210 (as a result of the circuit devices 262 and/or the 
processing devices 260) or the output signal can be the same as the input signal 
(e.g., in the absence of circuit devices 262 and processors 260). The output 
device 240 can include a data recording device (e.g., a cassette recorder), a data 
processing device (e.g., laptop computer or other computer processor), or other 
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processing device (e.g., a radio transmitter that transmits the data to another 
device for recording or processing). 

[0030] The output signal transmitted from the substrate 220 to the output device 

240 can be suitable for use in various applications. For example, Figure 3 shows 
a sound map 370 that graphically represents a sound source 371 along with sound 
waves 372 that can be produced using acoustical holographic techniques and 
sound measurements taken by an array of acoustical transducers in accordance 
with embodiments of the invention. More complex acoustical arrays can be used 
to produce sound maps having additional detail and complexity. 

[0031] Figure 4 is a partially schematic, isometric view of an acoustical system 400 

that includes a single substrate 420 carrying a plurality of acoustical transducers 
410 positioned to form a two-dimensional array, in accordance with another 
embodiment of the invention. As discussed above with reference to Figure 2, the 
acoustical transducers 410 are configured to sense sound and to transmit an input 
signal to the substrate 420. The substrate 420 is configured to receive the input 
signals from the acoustical transducers 410 and to transmit an output signal to an 
output device 440. As shown in Figure 4, the substrate 420 can be coupled 
directly to the output device 440. 

[0032] Figure 5 is a partially schematic view of an acoustical system 500 that 

includes a first substrate 520a coupled to a second substrate 520b, both of which 
carry a plurality of acoustical transducers 510 in a two-dimensional array, in 
accordance with yet another embodiment of the invention. The first substrate 
520a can carry at least one first acoustical transducer 510a (three first acoustical 
transducers 510a are shown in Figure 5). The first acoustical transducers 510a 
are configured to sense sound and to transmit a first input signal to the first 
substrate 520a. The first substrate 520a receives the first input signal and 
transmits at least one first output signal to a first output device 540a via a cable 
530, which operatively couples the first substrate 520a to the first output device 
540a. 

[0033] The first substrate 520a is also coupled to the second substrate 520b. In 

one embodiment, the first and second substrates 520a, 520b are releasably 
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coupled together. In another embodiment, the first and second substrates 520a, 
520b are coupled together in a more permanent manner. At least one second 
acoustical transducer 510b is carried by the second substrate 520b (three second 
acoustical transducers 510b are shown in Figure 5). The second acoustical 
transducers 510b are configured to sense sound and to transmit a second input 
signal to the second substrate 520b. The second substrate 520b can be 
configured to receive the second input signal and to transmit at least one second 
output signal to the first output device 540a via the first substrate 520a and the 
cable 530, or to a second output device 540b as shown in Figure 5. 

(0034) Even when the first substrate 520a transmits a first output signal to the first 

output device 540a and the second substrate 520b transmits a second output 
signal to the second output device 540b, the first and second substrates 520a, 
520b can share information. For example, the first and second substrates 520a, 
520b can transmit the first and second output signals, respectively, to both output 
devices 540a, 540b. This feature can provide redundancy in recording or 
processing data, or can be used for other purposes. For instance, in one 
embodiment, the first output device 540a can include a data recorder and the 
second output device 540b can include a computer for real-time data processing. 

[0035] As illustrated in Figure 5, multiple substrates carrying acoustical 

transducers can be coupled together to form arrays having more than one 
dimension. Figure 6A is a partially isometric view of an acoustical system 600 
having a first substrate 620a and a plurality of second substrates 620b carrying a 
plurality of acoustical transducers 610 and forming a three-dimensional array, in 
accordance with another embodiment of the invention. In Figure 6A, at least one 
first acoustical transducer 610a is carried by the first substrate 620a, and at least 
one second acoustical transducer 610b is carried by at least one second substrate 
620b. Eight second substrates 620b are shown in Figure 6, each substrate 
carrying one or more second acoustical transducers 610b. 

[0036] As discussed above with reference to Figure 5, the first acoustical 

transducer 610a is configured to sense sound and to transmit a first input signal to 
the first substrate 620a and the second acoustical transducers 610b are 
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configured to sense sound and to transmit second input signals to the respective 
second substrates 620b. The first substrate 620a is configured to transmit a first 
output signal to a first output device 640a. The at least one second substrate 
620b is configured to transmit a second output signal to the first output device 
640a or a second output device 640b. In an embodiment shown in Figure 6A, a 
second output signal from each of the second substrates 620b is transmitted 
through a combination of other second substrates and/or cables 630 to the first 
substrate 620a. The first substrate 620a transmits the second output signal from 
the second substrates 620b, along with the first output signal, to the output device 
640a and the other output device 640b through cables 630. 

[0037] The first and second substrates 620a, 620b shown in Figure 6A are 

configured to conform to a first volume of space and to position the first and 
second acoustical transducers 610a, 610b in an array having three dimensions. 
The first and second substrates 620a, 620b can be designed and made to be 
easily reconfigurable to conform to other volumes or to provide arrays having other 
dimensions (e.g., one dimension or two dimensions). For example, Figure 6B 
shows the first and second substrates 620a, 620b of Figure 6A reassembled to fit 
in a second volume of space and to be self-supporting. 

[0038] The first and second substrates 620a, 620b can be configured to have a 

plurality of substrate connectors (e.g., as shown in Figure 2) positioned at various 
locations to provide flexibility in reconfiguring the substrates into various 
arrangements. The connectors can be configured to couple the substrates to each 
other. Accordingly, the first and second substrates 620a, 620b shown in Figures 
6A and 6B can be combined with other substrates to make larger arrays and/or 
only a few of the first and second substrates 620a, 620b can be used to form 
smaller arrays. In certain embodiments, one or more of the second substrates 
620b can have no acoustical transducers 610b to serve as a connective element. 

[0039] The substrates described above can be combined to fit virtually any volume 

of space and/or provide any shape of array. For example, Figure 7 shows an 
acoustical system 700 that includes first and second substrates 720a, 720b 
positioned to provide a spherical array of first and second acoustical transducers 
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710a, 710b. The first and second acoustical transducers 710a, 710b provide first 
and second input signals to the first and second substrates 720a, 720b. The first 
and second substrates 720a, 720b receive the first and second input signals and 
transmit first and second output signals to an output device 740 via a cable 730. 

[0040] In one embodiment, the first and second substrates 720a, 720b can include 

preformed rigid substrates having the selected shape to form the spherical array. 
In another embodiment, the first and second substrates 720a, 720b can include 
flexible substrates that can be shaped or bent into position to form the spherical 
array. In yet another embodiment, a single substrate can be shaped to form a 
spherical array of acoustical transducers. 

[0041] An acoustical system 800 shown in Figure 8 includes first and second 

substrates 820a, 820b coupled together via a support 855 and positioned in an 
interior 851 of a vehicle 850 to form a rectilinear array of first and second 
acoustical transducers 810a, 810b. The first and second acoustical transducers 
810a, 810b provide first and second input signals to the first and second 
substrates 820a, 820b. The first and second substrates 820a, 820b receive the 
first and second input signals and transmit first and second output signals to an 
output device 840 via cables 830. As with any of the foregoing embodiments, the 
acoustical system 800 can be positioned to sense sound, for example, in an 
interior 851 of a vehicle 850 (e.g., an aircraft or automobile). The sensed sound 
can include noise produced by the operation of the vehicle 850 and/or noise from 
the surrounding environment. 

[0042] One feature of embodiments of the acoustical systems described above is 

that they can be relatively small. One advantage of this feature is that the system 
can have little acoustical impact on the sound environment in which it is placed. 
For example, embodiments of the arrays described above can absorb, block, 
and/or reflect relatively few sound waves, resulting in improved performance (e.g., 
improved data quality during data collection). 

[0043] Another feature of embodiments of the acoustical systems described above 

is that they can be self-supporting. An advantage of this feature is that the 
supporting structure for conventional systems (as shown in Figure 1), which can 
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impact the sound environment, can be reduced or eliminated altogether. 
Additionally, the expense of constructing and setting up the supporting structure 
can be reduced or eliminated. 
[0044) Yet another feature of embodiments of the acoustical systems described 

above is that they are lightweight and easily changeable. An advantage of this 
feature is that a single system can be made to conform to different applications. 
For example, the substrates can be reconfigured to fit various volumes of space 
having different shapes and sizes, thereby reducing the cost associated with 
creating a system for each application. Furthermore, the acoustical system can be 
easier and quicker to set up for use than the conventional array shown in Figure 1 , 
further reducing costs. 

[0045] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. Apparatuses and methods in accordance with further embodiments of 
the invention can include other combinations of the features described above. For 
example, at least some of the acoustical transducers can be configured to transmit 
sound as part of an active noise reduction system that senses noise and transmits 
noise canceling sound waves. Accordingly, the invention is not limited except by 
the following claims. 
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